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(54) TESTING APPARATUS FOR PRIME MOVER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To enhance the reliability of the test result of 
a testing apparatus for a prime mover. 

SOLUTION: In a virtual vehicle, an engine 10 is provided, a dynamometer 
20 is provided, and a transmission shaft 50 which connects both 10, 20 is 
provided. An engine control part 100, a torque control part 200 and a 
model computing part 300 constitute a testing apparatus which controls 
the virtual vehicle. The engine control part 100 controls the generation 
torque of the engine 10 on the basis of a preset vehicle-speed-change 
pattern. The model computing part 300 sets a load torque, to be generated 
at the dynamometer 20, on the basis of the equivalent inertia of the 
vehicle, on the basis of the equivalent damping constant of its driving 
system and on the basis of a dynamic characteristic model which is 
introduced by using an equivalent spring constant as a model constant. 
The torque control part 200 corrects the set load torque on the basis of 
the transmission characteristic of a torque transmission system up to the 
engine 10 from the dynamometer 20, and it controls the dynamometer 20 
on the basis of the corrected torque. 
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LXmmme'e (=kl • NE kl:SaR)feA* 
U (1) ~ (5) $rm^©^'<^>yAt#{C^ 
<d^tcj:y, EBg&Kei' -04' ^t>'@^h;i/^ 
iTDTRGWS. 
[0 0 5 0] 

mi] 
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Jefl'e=-Td (l) 

Jl 0 '1=-C1( 0 'l-n t 6 '2)-Kl( 0 l-n t 0 2) 

-Td-t(0'l/0e) (2) 

J2 0 "2=-Cl( 0 '2- 0 l/n^-KK 0 2-0 l/n t ) 

-C2( 0 '2-n d 0 '3)-K2( 0 2-n d 0 3) (3) 

J3 0 '3=-C2( 0 "3- 0 '2/n tI )-K2( 0 3- 0 2/n d ) 

-C3( 0 '3- 0 "4)-K3( 0 3-0 4) (4) 

J4 0 "4=-C3( 0 '4- 0 "3)-K3( 0 4-0 3) (5) 



8 e= J ( 0 'e)dt 
fl'e=d(e'e)/dt 
9i=J(e"i)dt C=l~4) 
e'i=d(fi"i)/dt G=l~4) 

e'e ^v^roEHKSS 

Td -.frffih/Ui; 

t(8'l/e'e) : M^=i>v<— ^tDM^tt 
n, :h9>'^S'i-'3^C0^ri'Jfc 



(1) ~ (5) tCfcWC, h;b^3>^-^<3Dh;i/ 30 

*itt (0'1/0'e) it&rfnmffizftiXWfeZft 
So £ith;i/*MilgP3 0 m, m«©|-t^cM^cfev> 

T±5£ (1) ~ (5) ^^ffi^tl-S^l^^Ml© 
(0'1/0'e) fc^ffi^S. OOlCte, EI51C 

^-TJ;e>^ zioi&git (0'1/0'e) £_hSBh;i/*i:b 

t (o'l/o'e) tcDmrnzfemtzwrnr-ttftm 
smrfcu, ^h;i/^Mitg[S3 o i te^mm?-* 

£#JMLTmKJt (0'1/0'e) tCffSLfc h;i/*Jfct. 
(0'1/0'e) ^ffi-TSo -g-LT, AWh^^aP 40 
3 0 1(t Zl©J:e>^ffi$tifeh;i/^J:bt (0'1/ 
0'e) &km<Dim%MlZ&tfZ hJltttt (0'1/ 
0'e) ilbTlg^^o 

[0 0 5 1] ±5$ (1) ~ (5) ICfe^T, h5 

0*3, W%#4V<DmmBi<D*&2lZfcVtzig J %Z$L 
mmB3 0 2\ZAZr?Z>. ^^fP3 0 2{jU Z.O 

mffime'3frib!k& (6) izm^^xmm&sPDA 50 



CT$:^m-t€) 0 

SPDACT=k2 • r • 0*3 ••• (6) 

k2 

r : 

«£i8lfgP 3 0 2 li^CfflS tlfcmtJi S PDACTffl^; 

s= mmht^uyvimmffiiEmi 04^, * 

H8P3 0 ltCA2r*S= 

[0 0 5 2] A^h;i/*iSll|gP3 0 lfcfc, 

$3iSPDACTi:^D^ h^lf&grrAlcS^Thp 
^X^^S^a^CD^fir® (1 s t, 2nd, 3rd, 
4 th, 5 th) fcUffifS. ^ ; EU4 0 0{Cl* > 06 
iCjjVtJ:^ ^fifgtH*iiSPDACT&t>^a 

iBItStiTfc'J, ^#h;i/^^SP3 o lti^cDM^ 

SIC, :ft^h;i/*i8Jf$P3 0 ltt, ^^U4 0 0{C 
*EU 4 0 0 AWh^mffitS 




(8) 
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0 1 IS, Z.(0^\Z.hXnmht=.*c J ?&nt Sr^taODtt 

[0053] ^^sawnaooTii. ±IBS#h;i/^ 

fflT d t r g KMxx^m^mmm^ amnstf&k 
ngi$3 o 3 icasnTjwftsti*. jstf. rcDmpg©^? 

[0 0 5 4] ^b£4G£RJ|g|S3 0 2tt. $g#»SP 
DACT(0*SSKJ»l5fe«#S:Sl!f^BaWraiJ3 0 3 

j^&tnamiis o 3 «, znmm&s p 

DACTtC3fr3Wtil?f5ifflftTk fcttttf*. ZLOjtf? 10 
igJfiTk icte, *>f^fcBfiB£©|BHc£i;5<ga«yj8 

jR+J^fc. T&ffiSfitTk tH*jiSPDACTi;©Ba 
ma 0 3 *MH«LT£fJffiBm & 

to 0 5 53 mmsmmm 0 3it RiKz>«te>fcb 

TirtfJbfcj^TiS&tTk ©*SSK:j£l3fc«*&;()aJli$ 
3 0 6tCffi*-TS o 3(DiUWeP3 0 IcftE 

ftifh^WWS 0 l{cfcv^»ffiS*iSSSh;bf 
«TDTRG®^SaKlfSt5fefl|#««A*Sn«&. ft* 
»3 0 6li. ±SBB^h;i/^#TDTRG{C*fLT^T 
»8tTk fcftUVU £ftfc*rfefeg*h;i/*4tTDTR 
GfcLTKJ&fSfcfctriC HBfcM/JMBTTDTRG 

[0056] zommimmonz&mz. imbm, 30 

iSM^ffiSP3 0 7tt, S^h;i/^ffiTDTRGi:|feft^ 
h;i/^Tact £<EH|gM (=TDTRG -Tact ) CD* 

sa»cj5Dfe«^S:4i*u nut**:***-* h;i/^ftd 
»2 0 oco^at^M^fiEgP2 0 1 izmi>-?z>. 

[0 0 5 7] VXtWmLtz&^iZ. ^Mt&f&S'O 0 
lc«fc o T *r-r*-*E * - * 2 0 K^ffiSltS^g h;b 
^-filTDTRG^ffiStlS^il^lC, Zl©S®h;i/^ 
<fiTDTRG£, ?7>*£/-?:7M lJCSaSWCf^fflL 40 
TV^§£ft^h;i/?Tact fcoflSBcffittfeftgtf h;i/ 

*fjw»2ooK:mAan6. h/i/**aw»2oot*. 

ZCD'E^HSIMEttS 0 oj&ve>A*sft*te*K:a£t5v\ 
T, ^A^h;i/^Tactjb^-rsSif^S^h;i/^ffiT 
D T R G F I N £ -SW6 <k 3 K 94 ^ - * 2 0 £ 

[0 0 5 8] £TF> I«)hM91ISf2 0 0©$U& & 

tfmvht'mmi'L o otcfcsy-f^*-* 2 ogd$i 
^M«iEgiJ2 0 1, ^^ffiau2 0 2. Hume^is 50 
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2 0 3, RXf#<{tt*-* h;i/^t!USgU2 0 4tCj:o 

[00 59] £jt§^*iiEg|S 2 0 1 tt. «e9*/l4HHB 3 
0 0©fflaftflfl&3 0 7fr&A#S*lSB*h;i/*«T 
DTRG£HA}$h;i/*Tact t(Dfm (=TDTRG 
-Tact) tCfSl5fe^fc, ^t^-^2 0^X 

, 1 0 icms h;i/*©eM* ccon r h^fist 

*«TDTRGFI-Nft*ffi-**. i©Si!$B«M/* 
ITDTRGFI Ntt#V 2 0tCT^$-& 

[0 0 6 0] KT. :fl5«KB«hM*TDTRGF 
lN©*amWc-3Vvr«W!"*-*. 08li, ±|BM/* 

ySBfiJUfcbT^^fllLTV^*. dCIT?, rjecj tt 
l OfttfAv^y >y l B®^jmw4. r jd 

cj tt#>f^;l-*2 0;fttf*y:/y>yi 7«D«fil5 

«(£. rKt j ttfia*»5 0©«fiiSA*jeR. rctj 
i*n b < testis 5 p. ®w»df> * > y^KT-fe y , z.n 
bitmM^ntm^izm^TmfeznttTjifmT* 

[0 0 6 1] Sfc, BHKlfeV^T, TTin(<o)j 

-* 2 0K3fi£b h;i/*£9iJMCA#SftS h;i/ 
(=^Tdyn . BUT* >"A;t» h;i/*Tin(a>)j fcv\ 

e>) t**»j, rxout (©)j tth;i/^fiat*^&ffi*a 

tlTX>^> 1 OlC#fflf s h;i/f (=*ft^h;b^T 
act „ JBIT, rtt}^,h;b^Tout(co) j h^e>) T'fe 

[oo6 2] &mmmi£.B2 o 1 «*-r, ±mm& 

7*e*y, €©*Seitfl«^^ Tout(6))/Tin(co)?:^ 
U «WtiA*h^Tin(<»)(Z>«i8a»S:a%bTV^6. 

^Tin(co)©^:SS^-^T'$)oT : b, ffiiJh;i/^Tou 
t(©) 0*Sai*AAN^^Tin(a))0«aaKa)JC(SlJ 

[0 0 6 3] AAh^Tin(<»)©JB«»a>«« 
(«1 go<co2 ) OsOn r^g 

Tin(o))«feyt,ffi*h;i/^Tout(o)) HitfcU i^fCM 
^ Tin ( o ) <fc y %i ffi* h Tout ( to ) Sffitt 




[0 0 6 5] -eZT% ^|^iliEaS2 0 il*. 
^^ftTDTRG&^HA^h^Tact ©fi!g©JSM 

DTRGFIN&Htffi-rSi^lCUTV^o 
[0 0 6 6] HPt,, ^^H«iES|J2 0 1 14, b>l>7& 

fyounmwicfi v %t i4*B*fiftfc/jN <* < , mz±m 

Mm Tout(fl>)/Tin(»)®**S»CjSUT«»a«h 
;i/*ffiTDTRGFINfc*art-S 0 teittigllf lEgP 2 
Ollt ^e»bT^ffibfeft^S^h;i/^-(iiTDTRG 
FIN £#gg&ffig|S 20 2 lCffi;frr 

[0 0 6 7] £©*B^tfttB»2 0 2K:B:®C, 
;* - # 2 0 tc^fc5§^ UT v ^638£ Tdyn ©* 

h^aOBP2 0 4 
^6>A*StiSo *l/t, fl£i*ffi8IS2 0 2tt. ±13® 20 
i^a^h;i/^^TDTRGF INh#§*N;i/^Tdyn £ 
<Z)i§M (=TDTRGF I N — Tdyn ) &iffiU 
«S®**SJC*Si:fe««S:WWWB8*»2 0 3 fCffi 
*rT5o mtHg8£ffi2 0 3tt. i®*»B«h^ 
HTDTRGF I N h-M/^ Tdyn fc©fi&Kifc3 
V>TlB»«!lEtti 

[0 0 6 8] Ml"**— 9 hMWSmz 0 4 

it, sgsmsfefs^as 203 icT^-tsigift®sKfii i © 
n-*ux>=i-4f4 3®ttmm*^e>3ttfi 

StlS^-f 2 0©iaieftKNDtlca6rJV^T 30 

% U 4 0 0 IC14, 0 1 0 ICaVt-fc ^fc. *8£ M/* Tdy 
n il, Sg®«S^iS.t>'S()IB^^ ; E^-^2 0©IIIijg 

U, ?§£h;i/*Tdyn Z&m-tZV&lZ, Z\0>M8.T-Z 

Z&MtZo h;i/^®^g|52 0 4t4, 58 

*h^^Tdyn©**3tCJiBl5fc«#S:ffiSlfKmW2 0 
2(Cffi*i-S 0 

[0 0 6 9] *LT. mmm^M2osi)^^± 

^^-9 2 0izMLxmm^mit^L^^^<Dm 40 

mY)^Tact *^S^h;i/i7ffiTDTRGFINi: 

-iJc-r-s «fc e> tcisr-r -^e* - * 2 0 Sr^stts z\tt 

[0 0 7 0] «±«W9l/feJ:^»C :&ftH9gfl»::ffi&tt 

■T-VKCS-rSVNT^-t-^^-* 2 0{C|6^$-&S^h 
;i/^©S®ffi (ISh^^iTDTRG) ^ffi-t^J: 



MOOO- 3 9 3 8 1 
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[0071] H 2^5^*3 jaspsSEfb** - 

*wiifiafl£v*s < Qfcir&mmttMdmto tmz 

, («AtfHHKjaVt#>f §>yt 1, t 2) , ]|W 
*(c»«R»J«B»««»*t6J:^K:**. 3©fe», z:e> 

(4, *i^ft^ciE5tlc*ffS-rsA^h;i/^i:I^Rlc 
1 0 ictf££tisftffi h;i/# hg#if i: 

[0072] r©^„ j&&mmizm&&mmiz£ti 
■mt Lxmmamt#y*yr3mjk&A*&6L* 

mA-fz^oizLT^zfrib. m$<nfflffimzmtoT 
[0073] (1) *<ms& xm^mK&iMiL * 

m<DMf^mziEm\zmmht~$ffi h;b* &x.ypy 1 

[0074] Hie *mmmxi*. xmn^Mt* 

e>£#/&#M 1 ~M4 jcHbT-eti-rti^^eRsjBa 
^icfu»j^Ts«fce>tcbTv^,, tot, «fcy#it©ia 

[0075] (2) *<mzk xmmmz&iMiL * 

[0 0 7 6] KI»aiK:feV^Tffl«ttCDKvx 
JdE«JcSjJSLfcA?lf h;b^ $:x>^> l o iz^irs 

&mw3b*tiL ±m®£t>izm$mfi0Tmtf¥#>m£. 

tey>jy 1 0fc#^-rs3i:*^fei:b"C%, t>l4 . 
[0 0 7 7] ^3T% <K®m©^S:m3t©*ii^b 
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[0 0 7 8] l/frb&tfgK Z<D£5lZmiZ. *Bs/h 

jmwmm&zmtir&tmkwfe Ltz.tmv>mi\z 

[0 0 7 9] Z<Dg„ Xmffi&ffiT-lt. xiBO^&X 

□ y bimmT Aizm-t^y^t - ka^ ^mmizta^ 
mmivw - e>t\-s mm\smizm vt=.m 
mmt. wmm<Dimizi&vtz.7&Tmi£izm-3^ 
x. wmmvTmziM mmstw* - yizvt^ x$t 
\\Ltt&<D\zm&mmY)\>>7 (.mmmv^i'mv 

trg) ZWM-t&ttbK. tay^mh)V^\zm^ 

[0 0 8 0] (3) t£oT\ #«£JilCj:*U£ XD 
v M/|R«TA«:#IC7-f - K^yf«9«rr*«k^tCL 

&mnzw,'pz-&?>z.£.tfx<%. H*%&4HB£fbrt* 

- >tCiE5|{Cii^S-|±S Z £ \Z J: o T 3glC<fB5»E>^ * 

[0081] Htc $mmmv\& 94i-=t*-$2 
tmmizMHrm^TJizim^ m^Mz&^xh 
mizm-i^x hw&mizmz&mmzfs-zm? 

«fce>tC 9<1±^*-92 0©$8£h;i/£Tdyn feffiMr 
[0 0 8 2] (4) tot, :fcSaSBfflfcJ:*ltf. 

;i/*£^^*-*2 0K:#8£$-t»:s-£:icj:y, * 

[0 0 8 3] «±»W!Ufc*^aeKBl4. JStT©J:dtc 

• isss&amrcft* xmzjfvv y^ypyvtm 
wm.t LxfiM4t~?z> <fc *> iz btzf>\ wx.imr<D 

IT, JSTF© (b) icsvr«fc-Mc, 3?^-^ 

t&X'ZZo 



(10) 000- 39381 

18^ 

[0084] ( a ) apt.. *^|Cflt«WMttK*7*-r 

x^i^fij^gp i o o (Dgmm hjurmm i o 2 ic 

fcv x-c BWim h ;i/*ffiT e t r g Srgffi-t S i: 4: t, 

1 3 oicfcy^mstisiiiiK^gNEhica^v^^-r 
-^;bx>s;>{ci!fiij^$ti*j8m®B«ffi (gams 

10 y, ;re> Ufe^-r —&)\,^y*jy(DW®mmz&\<\x 
*», ±aa (3) {csaigL^ffl^tra^^M^s: 

#1" £ z: i: #T*£ S J: e> left*. 
[00 85] ( b ) * fc, J^C^ttMSiMfcm 

ffi oocDg«Mnh^amasio2(c£v%TSM 

Hh^lfiTETRGSrJim'rSfctfetC, 
BSh^ttTETRGfcEBKaiitftffiaJl 3 0{C«fcy^ 

msti*EMBgaN e h\zmr5\,\xmmzw&titvb 
20 t, i©»as*ifce««w»«**K:afecj^T, mm 
mmmmm&vtmmmm't&z.tizj: y, u 

[0086] '±immmx*& h)i?&mo>M& 

mzm^\ *x±msmm*:mm-z>ffi$.h:-t * z.t% 
[0087] • ±wmjmmx*& imzw&<»Mi&ft 

Ml~M4{C|E^LT i ET i ;Hb-r-g>«ke)tCL^ Z.CD 

[0 0 8 8] • ±S^J©^fi8T*li, I>^10©» 
^Sr^CaSEfb^f-^Tf^SJc^KLUfe*^ 09*. 

tf. ^ n y h ;hbkt a (D^b^i ^ - >^ r » 9 
40 ;i/©BisifitcMt-€>^'fb>'^^->^ ?!cv^^tllHg3ESN 
E0^bA°^->i: L/T-^*.sz:i:t)T*g£o 

[0089] • ±%mmmxiz, ^mmm^y 
vy <Dwmm.ii LTMMt** «t e> ic m*. 

tf. «9«SMx>^>^itSiWax>^>©i^g4;b 
[0090] 

mmomm mimin^&\z%m\st=.w%x\-z. ® 
wvmwmmfKjmm<mm9y vy vimRtf 
m&wimtfttwmt Lxmxzntz&mtfuzm 
50 •tmmL^Mzm^x^mv^^wth^ 



_ (11) 

19 

too9i] #ic it^2{ciBictfc^T*t*, ma 
IWfcicK lt «fc u iff S©iSv ^i!^l4 ^ ef ^ ;^2>W£ *is 

tti&? &<m b)it zmijm<D®gmiKtt¥tz 

[0 0 9 2] m&&3 Xli4lC|SSLfe58Wt? 

[0 0 9 3] HlC Jt*S57M8Kl|BlfiLfcaWe 

mwmitrt*-yizm-3<&nm<Dimm£. s& 

<b/\'* - >}ciiftS-ti:S|gl0fS«5iti*^tS <fc e> fc 
£3. *®*SS& #i^©^&|fi$ggefb/t*-MC 

&vimizm£zi£2>z.iitfT'& ^.izmmom^u 



20> 
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[Hi] <E®^2it)^^e&^11P8«Sfi®. 
[02] WftfiKffc/^-^fejR'r^^. 

[bis] EBBaKR^Dy hmmtammhM 

[04] ^©i&^ffi^-r^Sr^Hlfci;®. 

[0 e ] wsfflw^ p y h tmmt h 5 >X 

[07] <K®m©«ii:^fS*fti:©K^S:^i-y^ 
7. 

[08] #-f-^*-*;^x>^McS&h;b*fcji 

[010] #4^*-&iz&v&mmm&.zf\m 

iiBS, l h;wt;i/^, i4-xa7^=E- 

1 6-*<sryU>y, 1 7-*v^U>y. 20- 
^-f^*-*, 2 1 -AiJtfc 3 0-^>f, 3 1- 
Vt7>K 3 2-m 5 0-em 40-WM&-t 

yv* 4 l-mumm-tyy-, 42-hJittyy; 4 

3-u— 9 V^yzi-jt, 1 0 o-x^i^ftij^isp. 1 
0 1 -mmitJW-y^M. 1 0 2-BMM6M/ 

zmsm. 103 -an >v hMiBemis. 1 0 4 

a >y Vfrm&ffiEtik 10 5 --dM&ffiSP, 1 0 6 -X 
a «v h;wt;b^g@ftg|$, 1 3 0 -EBKiS^ffiS, 2 0 

o-b/Mrmm. 2oi»-&m&£ffim, 203- 
mn»£A 2 0 2-««tftm. 204-^t 

h^tWWP. 3 OO-^JURHS. 302 
-*»tSiJ|». 3 0 1-A?|fh^«JttU. 3 0 3-jfe 

msmmm. aoi-fimmm. 3 0 6-«gp, 

4 0 0-* i EU» Z00-ny\£a.-9* Ml-flSl* 
f&fa M2-«2flWt#. M3-f3«* M4-« 
4^5^^ 



[08] 



0 





Kt 




Jec 




Jdc 




— D— 






Ct 





T to <(i)) 



0 



(13) 



IB34J 













Ki 




Je 


r 


t 


Ji 


nt 








Td 








Ci 





K2 I 



-IH 

Ca 





K3 






— TRP 




J3 








C3 





-J l_ 



Mi Ms Ma M4 



Jl -J4: fil -4tA*M i -M4Cf lift 
C1-C4: il-4«#Mi-M4»W^t>irtl 
K1-K4: «i-4MffMl-M4©Wrt**l 



[07] 



H9] 





Mitt 




Wftft 







Tu. (0)) 



SPDACT 




[010] 
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(71)ffi)MA 000143949 

SSPM 2 T @55# 5 % 
(71)tBl^A 000155023 

&®immffimgm%8<Dim 2 mm 

(71) ffiMA 594026192 

«JUWK3* h 3 # BT 2 #Jfe 

(72) 9sra# mm 

mimmmwhsmimm Vzizm 

V2)mm mm im 
(72)^h^# hoj mi 

(72)»W# **S j@£ 



(72)|6^# 
(72)^# 

i 

(72)56^# 
(72)58^# 
(72)#§BJ# 



SftMHrfrb3*Brri#3il h 3# Sift 



ism m- 

1 rgi6# 1 # 



^tP^ti5iUWEw#^^©miT 2 mm 
mm 

) 2G087 BB01 BB08 BB21 CC06 DD15 
DD17 EE04 EE22 EE23 FF08 
FF16 FF24 
3G084 BAOO BA05 DA04 BC04 FA00 
FA32 FA33 



